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ABSTRACT
The braille production system is a slow and antiquated
process. The end product is expensive, heavy, and bulky. A new,
more effic le"rff-braille production system was designed, using
computerized transcription, thermographic printing, and automated
binding and finishing.
Computerized transcription programs are readily available
from a variety of sources; automated binding and finishing is a
common feature of modern printing technology. A series of experiments
was performed to evaluate the physical qualities of the braille
cells produced by thermography. An internal tearing resistance
test and machinability test were also performed to study the effect
of heat on the paper stock. The strength of embossed and thermo-
graphed braille dots was studied and a comparison made. A
literature search was also conducted to study the chemical charac
teristics of the resin used to produce the raised braille cells.
A newspaper article was transcribed into braille and printed
by thermography. Braille readers were asked to evaluate the
readability and the overall quality
of the material produced.
The result of the experiments indicated that it was possible
to produce braille by thermography, and that in certain aspects
the product obtained was superior to embossed braille. Thermographic
braille was found to be of a quality level acceptable to the 
Dlajor1ty of the braille population sampled. 
Abstrac t approved.: Norman Coombs , thesis adviser 
Professor , ti tle and departmen t 
~~~~~----------~ 
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INTRODUCTION
It has been said that blindness is, in one view,
a technical handicap. The day we find a method or an
instrument with the help of which the blind can get as
clear an idea of the world around them as the sighted,
blindness will no longer constitute a problem. 1
The Braille System
Because of their handicap, the blind must resort
to special methods of reading and writing if they are
to take an active part in our society which is so highly
geared to graphic communications. 2
Braille is the touch system of reading and writing used by
blind people throughout the world. The whole system is derived from
an arrangement of six raised dots referred to as the braille cell.
For the purpose of clarification, the dots have been numbered
downward, 1, 2, 3 on the left, and 4> 5, 6 on the right. Altogether,
63 different dot patterns, or braille characters, can be formed
by arranging the dots in different positions and combinations as
shown in Appendix A.
Braille as developped in 1824 by the blind Frenchman, Louis
Braille, is known as Grade One Braille. In Grade One, each dot
pattern stands for a specific letter, and words are spelled out
in the traditional manner.
Most of today's braille is Grade Two Braille which employs
all the 63 possible dot combinations, many of which have multiple
meanings. Grade Two Braille utilizes 189 words and letter
combina-
3
tions which are represented in
contracted form.
Grade Three Braille is a highly concentrated form of braille
used mostly for personal convenience in note taking. In textual
matter, Grade Two Braille uses only 60 per cent of the cells needed
by Grade One.
^
The Need for Braille
Braille has done for the blind what the invention of the
alphabet has done for the sighted. It has given them a means of
expressing their thoughts in written form. It has given them the
freedom that comes with the ability to communicate.
Without the opportunity of actual reading experience,
blind persons never would be able to conceptualize spelling,
the sentence, the paragraph, the use of punctuation marks,
methods of numeric computations, the arrangement of infor
mation into charts and tables, the use of footnotes, the
use of the dictionary, and other aspects of written infor
mation that are so familiar to the literate sighted. The
benefits inherent in direct visual or tactual reading
experiences cannot be replaced by listening to the printed
word through someone else's voice. 5
For the deaf-blind, braille has been a godsend. It is their
only means of communication with the world around them.
The Market for Braille
There are 443,000 persons classified as legally blind in the
United States. Accurate statistics on the number of braille
readers are not available because the majority of the blind people
use several methods of reading, i.e. braille, voice recordings,
and. lecture sessions. Furthermore, a substantial proportion of the
blind population is capable of reading
material reproduced in extra
large type or with optical aids and can therefore be considered as
potential braille readers. The approximate number of ail braille
users in the United States consists of less than 45,000; it has
been estimated that the potential market for braille consists of
less than 160,000 people. According to one study, about half of
the severely visually impaired blind live on Social Security
8
pensions, old age assistance, and similar help programs.
It appears, then, that the braille market is relatively small,
and that its economic status is well below the national average.
FOOTNOTES FOR CHAPTER I
1. American Foundation for the Blind, Proceedings of the Inter
national Congress on Technology and Blindness, 1963 (New York:
AFB, 1963), vol. 1, p. 471.
2. Louis Harvey Goldish, Braille in the United States: Its Pro
duction. Distribution, and Use (New York: AFB, 1967) P3-
3. American Printing House for the Blind, English Braille American
Edition (Louisville: APHB, 1959), P- 58.
4. Ibid.
5. American foundation for the Blind, Understanding Braille (New
York: AFB, 1969), p. 11.
6. Ibid., p. 10
7. Goldish, p. 9
8. Ibid.
BRAILLE PRODUCTION METHODS
The present methods of producing braille can be classified in
three categories: (1) hand transcribed braille, (2) press braille,
(3) duplicated braille.
Hand Transcribed Braille
This method refers to single-copy braille material embossed
directly onto paper, usually by a volunteer braillist. Braillists
are sighted people who have been trained to transcribe inkprint
material into braille. Braillist groups provide their services
free of charge and often pay for materials such as papers and
binders. These groups usually make single-copy work only, although
some larger groups may have duplicating facilities.
The process of transcribing consists of reading the inkprint
material and simultaneously embossing the braille equivalent
onto paper. The majority of the transcribing is done on braille
typewriters, although some short work is done using a braille
slate and a stylus. A good braillist using a mechanical brailler
such as the Perkins Brailler, shown in Figure 1, completes an
average of one braille page of textual matter every 12 to 15
minutes. A good typist could type the same number of words in
inkprint in less than four minutes. If errors occur in tran
scribing, the
errors must be flattened with a braille eraser and
then reembossed. Proofreading is done by certified proofreaders at
the rate of ten cents per page.
2
Figure 1 : The Perkins Brailler
Press Braille
Braill-e prscses produce multiple copy braille. There are
four major braille presses in the United States, the largest of
which is the American Printing House for the Blind in Louisville,
Kentucky. It produces over 75 per cent of the braille plate pages
in the United States.
A braille plate consists of a sheet of zinc, 0.010 inch thick,
nine and one-half inches wide, and 25 inches long. The sheet is
folded to form a double plate, nine and one-half inches wide by
12^ inches long. It is placed in a
stereograph machine where it is
embossed through both thicknesses by an operator who is a skilled
braillist.
The stereograph machine has six levers or keys,
corresponding to the six dots of the braille cell, plus a
space bar, and is activated by an electronically directed
solenoid system or an electrically-powered clutch. The
stereotypist copies material from inkprint onto the plate,
embossing through both sheets of the plate at the same
time. When the first side is completed, the plate is
reversed-- in the carriage.of the.smachine, being automati
cally adjusted slightly to one side and downward so that
the dots on the reverse side of the plate can be embossed
between those written on the first side without damaging
them. To print, a sheet of paper is placed between the
double plates, and both sides of embossing are imprinted
on the paper at the same time. This is called
' interpoint-
ing'. 4
After embossing, proof sheets are made from the plates and
are checked for errors. The incorrect dots are flattened with
hand tools, and the plates are mounted back on the stereograph
machine where the proper braille characters are embossed. Some of
the machines are driven by punched data cards or eight channel
paper tape. The cost of producing a braille plate with a manual
stereograph machine is $ 1.80; this is the cost of one page of
approximately 900 characters.
Braille printing is done on embossing presses. Production
rates vary from 2,000 sheets
an hour on hand fed platen presses,
to 30,000 impressions per hour on rotary web fed presses used for
long magazine runs. After the pressrun,
the plates are stored
for future use. Plate storage
facilities for the braille presses
require considerable plant
area. An average pressrun of 40 books
costs $ 800. Aproximately a year elapses between the inkprint
publication and braille publication. Production costs for a
8




Braille can be duplicated by thermoforming. A plastic sheet
is placed on top of the paper or zinc master and heated. Vacuum is
applied, and the sheet takes the shape of the master. The Thermoform
55, distributed by the American Thermoform Corporation, costs about
$ 450. The plastic sheet costs about four cents. Approximately 150
copies can be made per hour using this method.
Braille Problems
Braille production problems can be classified into three
areas: (1) transcription, (2) production, (3) storage and display*
Transcription
The braille transcription problems are due to the nature of
Grade Two Braille: "Braille is in a sense based on spelling, but




language." There are also rigid specifications defining
the number of lines per page, the number of cells per line, the
placement of titles and footnotes and other format elements.
Braille presses are experiencing difficulties in recruiting and
training qualified braillists.
The manual transcription of braille
is an extremely slow and highly
specialized process.
Reproduction
The special paper used for braille books must be moistened
before impression so that it will stretch without breaking during
embossing, and upon drying, will shrink to a firm dot. Wetting the
paper and hanging it to dry are still manual processes. It is also
necessary to hand fold and collate the braille sheets as no
mechanical method has been devised yet to fold the sheets without
damaging the embossed dots. "The sheets for each pamphlet are
folded by being scored in a special machine, folded together by
hand, and then run between two reverse rollers to finish the
9
creasing." The vulnerability of the embossed dot makes the
braille production system an extremely slow and highly manual
process.
Storage and Display
Braille volumes are ususally 11 inches wide by 11 inches high,
averaging three to four inches in thickness, and weighing three
to four pounds. High bulk paper and the fragility of the embos
sed dots make the division of a book into several volumes a
necessity. A braille library requires an enormous amount of
storage space. The storage of used zinc plates takes considerable
floor space, further aggravating
the storage problem encountered
by braille presses..
10
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TECHNOLOGICAL ADVANCES IN BRAILLE PRODUCTION
Technological advances in braille production can be classi
fied in three areas: (1) single copy braille, (2) multiple copy
'braille (up to 20 copies), (3) long run press braille.
Single Copy Braille
The Electrified Perkins Brailler
This electrified brailler consists of a Perkins Braillewriter
with an electric drive, capable of writing up to 21 braille pages
per hour (five or six characters per second)* This electrified
brailler costs $ 150.
The Tyco-brailler
This is a modified typewriter with a keyboard which contains
many of the braille symbols
and contractions, in addition to the
standard braille letters and numerals. This keyboard enables an
operator to type braille by depressing the appropriate keys.
Although the typist need not know the actual braille cell confi
gurations, he must
know the rules of Grade Two Braille. The output
of the Tyco-brailler is a
perforated paper tape which is used to
operate an electric typewriter or a stereograph machine. The price
p
of the Tyco-brailler is $ 1,600. The Tyco-brailler keyboard is





Figure 2: The Tyco-brailler Keyboard
*
The IBM Brailler
This is an electric IBM typewriter whose keyboard and
standard type have been replaced by devices similar to those of
the Tyco-brailler *s. The output is an embossed copy, the machine




This device is similar to the Tyco-brailler but produces
an embossed copy and a perforated tape at the same time. It is
capable of working at speeds up to 60 words per minute. The
prototype's cost is about $ 1,600.
13
The MIT Braillemboss
The Braillemboss is a terminal printer which can be connected
to a computer or can be operated independently. It is capable of
embossing 16 characters per second and costs S 5,000.
The MIT Picture Brailler
Picture brailling is usually done with a star wheel for
embossing and special rules for line embossing. A device developed
at the Massachussetts Institute of Technology scans line drawings
and produces an embossed dot version. The device is still experi-
n
mental, and a rough estimate of its cost is about $ 500.
The Systematics Intercoupler
This system was developed by the Systematics Division of
General Instruments. It consists of four units: a modified Perkins
Brailler, one tape punching unit, one tape reader, and a power supply.
The operator makes a braille copy on the Perkins Brailler, and
automatically records the perforations on paper tape. The paper
tape can be used to generate new copies. The cost of the system
o
is estimated at $ 2,000.
Multiple Copy Braille
The Espinasse Duplicator
The Espinasse Duplicator is similar to a conventional inkprint
proofpress. The press consists primarily of a chase drilled
with all the braille cells possible within the size limits of the
machine. A roller, with
depressions corresponding to the braille
14
cells throughout its length and circumference, moves across the
chase. A font similar to the chase is also supplied; it is used to
store the embossing pins. To set up a braille page, the embossing
pins are transferred, one at a time, from the font to the chase by
the operator. A sheet of paper is then placed on top of the chase,
and the roller, acting as a female die, embosses the sheet. The
result is a one-sided braille page. After printing, the pins are
transferred back to the font.
The price per sheet is very small, but the time required to
set up the page and transfer the pins back to the font when the
job is completed is considerable. The cost of the duplicator is
not available; however, the precision required in its manufacture




The Multigraph Braille Duplicator
This duplicator is manufactured by the Addressograph-Multi-
graph Corporation of Cleveland, Ohio. It is a small, short-run
braille press. The press is available in three sheet sizes; eight
by eight and one-half inches, 11 by 16 inches, and 13 by 17 inches.
The prices range from $ 345 for the smallest one, to $ 1,375 for
the largest one. Each braille character is made on a standard
slug. Paper is fed between a rubber blanket and a cylinder holding
the braille slugs of type. The rubber acts as female die and
allows one sided printing only. After printing the type is distri
buted and used again. The 64 braille slugs are stored in a similar
manner to inkprint type. The cost of braille type is $ 1.25 for
15
25 pieces of each character, or an assortment of 1,600 characters
can be purchased for t 75.
l1
This system is very similar to
conventional hand composition; the time involved in setting, and
distributing the type is a major problem.
The Guerin Process
In this process, an embossed braille sheet is placed in a
frame. The frame is then filled with a special plaster and the
surface leveled. After drying, the master and the plaster are
separated. A sheet of paper is placed between the master and a
rubber blanket, and a wringer or a platen press is used to supply
the pressure, producing a one sided braille page.
The Uformite Process
This system is similar to the Guerin process. Instead of
using plaster, the surface is coated with a thin film of
urea-
formaldehyde resin. This is a one sided process.
Long Run Press Braille
The APH System
The American Printing House for the Blind automated transla
tion system begins with operators who do not read braille, key
punching the inkprint copy
onto data cards. The cards are then
converted to magnetic tape and fed into an IBM 709 computer which
has been programmed for English Braille. The input is translated
by the computer at the
rate of 2,000 words per minute. The output
is fed back to a machine which
transfers the information from the
16
magnetic tapes to standard data cards. These cards are used to run
the electronic stereograph machines. The output of these machines
is about 80 braille plate pages per eight hour day.
1Zf
The Schack-DOTSYS Program
The DOTSYS program developped by Schack Associates, New York
City, and the MIT Sensory Aids Education and Development Center,
is based on the IBM program presently used at the American Printing
House for the Blind. The DOTSYS Braille Translation Program is
divided into six subprograms.
The Interpreter Programs. These programs provide the link
between the different input codes and the rest of the DOTSYS
program, i.e. Monocon for Monotype tape, Telecon for Teletype
tape, etc. These interpreter programs convert the input codes into
an expanded code called Universal.
Universal. This format compatibility program supplies the
formatting information formerly inserted by the keypunch operator.
Unicon. This machine compatibility program translates Universal
format codes into the special codes required by the braille
translation program.
Braill is the actual dictionary and rules listing of the
program which does the translation to Grade Two Braille.
Format. This is the output formatting program. It inserts end
of line and end of page codes and other formatting information.
Output Compatibility Programs such as the Stereograph or
the Tape Programs, produce the




The DOTSYS program has been run primarily on an IBM 7094
computer with an eight thousand byte storage capability.
Solid Dot Braille Printing
Traditionally, braille has been embossed on special manilla
paper by distorting the fibers of the material to form hollow
dots. The Royal National Institute for the Blind in London,
England, has developped a method of depositing solid dots of
plastic onto the surface of a thin paper.
The principle of solid dot braille processing, as
developped by the R.N.I.B., consists of the deposition of
a specially formulated p.v.c. paste on to paper which is heated
to the paste gelling temperature Kraft paper of 28 lb.
substance is continuously processed at a maximum speed of
110 feet per minute, the paste being applied under 40
pounds per inch square pressure to both sides of the paper
through a set of 16 perforated stencils fitted round
two ccntrarotating drums between which the paper passes. 15
Figures 3 and 4 show a schematic diagram of the press and a
close-up of the printing drum.
The R.N.I.B. solid dot plant in England is valued at
$ 100,000 (1963 estimates). The cost of the plant was broken down
in the following manner:
Piercing machine $ 5,600
Transcribing machine 8,568 (1.6 stencils per hour)
Correcting machine 10,080
Stencil grooving machine 1,400
Printing press 61,600 ^
Muller stitcher-trimmer 9,800
The Helen Keller Association in Tokyo ordered a complete
Solid Dot Braille plant four years ago for installation at
the Mainichi Press premises there. Their experience with the
process was such that within three years a second printing
machine and further ancillary machines were ordered. 19






















England and Japan, it has found very little
acceptance in the
United States due to its relative low dot height, 0.010 inch
instead of 0.018 inch with embossed braille. Furthermore, braille
presses have been reluctant to change due to their sizeable
investment in embossing presses. =
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PROPOSED BRAILLE PRINTING SYSTEM
When one analyses the present braille printing system, one
finds that it is a slow and antiquated process, and that it
requires highly specialized skills. The end product, the braille
book, is expensive, heavy, bulky, and awkward to handle and use
because of the fragility of its content. The backlog of braille
work is steadily increasing, and braillists are harder to find and
train; a new, more efficient system for the production of braille
matter is urgently needed. To be viable, this new system should
incorporate the following:
1. Make it possible for less skilled people to produce braille.
2. Make it possible to produce braille at a faster rate.
3. Make it possible to reduce the physical size of braille
material, both for storage and display.
4. Be compatible with present production methods.
5. The above-mentioned characteristics should not be reached
at the expense of quality or economy.
It is the purpose of this writer to operationalize a new
braille printing system whose main characteristics are automated
transcription, photomechanical composition, thermographic printing,
and automated binding and finishing.
In the proposed system, the automated transcription from
inkprint to braille will be achieved through computers using
23
translation programs similar to the DOTSYS or the APH system.
Input to the computer could be in compositor's tape, magnetic
tape, punched cards, optical character recognition, or any other
input media.
The output of the computer will be a perforated tape which
will be used to drive a phtotypesetting machine. A font containing
,all ..the .dot-cell combinations, will generate the braille characters
on photographic film or paper.
The braille galleys will be used to produce a conventional
printing, plate. The freshly printed stock will be fed through a
thermographic unit where it will be dusted with a special
powdered compound, the excess being removed automatically by
suction. The stock will be heated, causing the compound to fuse,
thereby producing a permanently raised image.
The stock will then be folded, gathered, and bound on
conventional automated equipment.
In order to test these conditions statistically, the following
hypotheses were :
1. Thermographic printing can produce a braille dot height of
0.015 inch or more.
2. The dot base diameter has no effect on the dot height.
a. This is true for a dot base diameter of 0.055 inch.
b. This is true for a dot base diameter of 0.060 inch.
c. This is true for a dot base
diameter of 0.065 inch.
3. Ink pigments have no effect on
the dot height of the dot.
4. The heat fusing operation has
no effect on the strength of
24
the paper stock.
5. The heat fusing operation has no effect on the ability of
the paper stock to be machine processed and finished.
6. Braille dots produced by thermographic printing are resistant
to abrasion and wear.
7 Braille dots produced by thermographic printing can withstand
.greater pressures than braille dots produced by conventional
embossing.
8. Braille literature produced by thermographic printing is




1. Thermographic printing can produce a braille dot height of
0.015 inch or more.
2. The dot base diameter has no effect on the dot height.
a. This is true for a dot base diameter of 0.055 inch.
b. This is true for a dot base diameter of 0.060 inch.
c. This is true for a dot base diameter of 0.065 inch.
Test Procedure
The procedure used in this investigation to test the validity
of the first two hypotheses was to print a test plate onto a
sheet of plain paper. The freshly printed sheet was then dusted
with a resin compound, the excess being removed by tapping the
sheet lightly on its edge. The dusted sheet was then placed in an
oven which fused the resin to the sheet, causing the printed
design to rise in relief, producing a durable embossed effect. The
sheet was then removed from the oven and cooled to room tempera
ture. Dot height, the response variable, was then measured with
a bench micrometer and the readings recorded. The same procedure
was repeated, using
different fusing temperatures, different
heating times, and different resin compounds.
26
Controlled Variables and Conditions
Paper. The same type and weight of paper was used throughout
the experiment. Because of its availability, Kimberley-Clarck's
Paper Map White, substance 24 was used. The sheets were cut to
eight and one half by 11 inches, grain long. Random samples of
the paper were taken to get an estimate of the variability of
paper caliper. The paper calibrated at 0.004 inch and its standard
deviation was 0.0011 inch. Sampling and conditionning of the
paper stock were done in accordance with the Technical Association
for the
.Pulp and Paper Industry (TAPPI) standard T 400 ts-64,
"Sampling Paper and
Paperboard,"
and standard T 402 os-49,
"Conditionning Paper and Paperboard for
Testing."
Ink. SS-95B Offset PMS Black Ink Split-Sec by General Printing
Ink was used throughout the experiment.
Plate. A Dowetch magnesium plate mounted on patent base was
used. The test plate consisted of three sets of five lines of
braille cells positionned across the sheet. Each set of braille
cells had a different dot base diameter. The three dot base diame
ters used were 0.055, 0.060, and 0.065 inch. All dots met the
following specifications, as defined by the National Advisory
Commission:
1. Spacing between single dots, from center to center
in a braille cell, horizontal and vertical, but not diagonal:
0.090 inch plus or minus 0.002 inch.
2. Distance from center to center of corresponding dots
in adjacent cells: 0.235-0.250 inch.
3. Line spacing from center to center of nearest corres
ponding dots in
adjacent cells in adjacent lines: over
0.400 inch. 2
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v..; Sr&BB.mM Vaatiercook SP15 Repro Press, serial number 27760,
was used. throughout the test. The .impression. cylinder packing
was kept at O.O40 inch throughout the whole run.
Oven. A Precision Thelco Model 18 oven with a range from
zero to 200 degrees Centigrade was used. The serial number was
31470.
Time. Three time levels were tested: 20, 25, and 30 seconds.
Atmospheric Conditions. The lab in which the test was
performed was not humidity controlled. A hygrometer and a thermo
meter were used to get a measure of relative temperature and
humidity prior to, during, and after the experiment. The average
humidity was 52 per cent plus or minus five per cent, and the
average ..temperature 75 degrees Farenheit plus or minus 3 degrees.
Operator. The same operator handled the whole experiment.
Results
The statistical tools used to determine the dot height are
called the average of the means and the range.
Three sheets were selected at random from each run for
analysis of dot height. The mean value for
each run was determined
by averaging five
dot height readings for each of the three sheets
selected. The three values
were then averaged, producing the
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overall mean value that was used for further study. Refer to
Table 1 for an example of how the data was used to determine the
dot height. Table 2 lists the average of the means of the dots
printed with resin A, which was the only resin that produced a
dot height of 0.015 inch or more. Table 3 lists the average range
of the set of ranges for each run of resin A.
All the runs of resin A satisfied the minimum dot height
requirement. Since no run produced a dot height lower than 0.015
inch, it was apparent that all the levels tested were significant.
Upon visual examination it was found that the dots fused at
300 did not adhere well to the paper. The individual resin spheres
were not fused together and they could be easily lifted off the
paper. Similarly, the dots that had been treated for 20 seconds
did not have time to fuse together and could be lifted off readily.
When viewed under a microscope, the dots that had been
heated for 2^ seconds showed a rough and unequal surface. The resin
spheres were not completely fused together.
Most of the dots that had been treated at 325 for 30
seconds were well fused together and adhered quite well to the
paper. These dots were found to be acceptable. Dots which had been
fused at
350
for 30 seconds showed the best results. All of the
spheres were well fused together, and the plastic substance had
flowed between the spheres, filling all the gaps, producing a
solid, well
rounded dot which was firmly attached to the paper.
Dots with a base diameter of 0.065 inch had a tendency to
flow together, producing a
solid bar in a few instances. Smaller
29
Table 1: Determination of the Average of the Mean and the Range
for Run 25 Seconds-300 Farenheit-0.060 Inch Base Dot










Table 2: Average of the Means of the Dots Printed with Resin A
(All Results are in Thousands of an Inch and Include a
Paper Thickness of 0.004 Inch)
TIME (IN SECONDS)
20s 25s 30s
DOT BASE TEMPERATURE TEMPERATURE TEMPERATURE
DIAMETER
300 ^25350 300 325 350 300 325 350
0.055"
28 23.5 24.3 28.6 24.8 25 28.3 26.3 23.8
0.060"
31.7 23.1 24.1 31-3 24.6 23 27.4 25.4 22.8
0.065"
31.7 23.9 24.1 32.6 23.3 23 28.9 27.1 23.3















0.055" 0 1 0.6 2 9.6 2 0.6 0.6 1.6
0.060" 1 0.3 1.7 2 10 2 0.3 1.7 3
0.065" 1 0.7 2 2 9.4 2 0.7 0.3 0.7
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dots did not flow as much and could still be discerned individu
ally. A sample of each run is included in Appendix C.
A test of reliability was performed to determine if the
testing instrument could repeatedly give consistent measurements.
Nine of the levels which had been tested in the first experi
ment were randomly selected and tested again, two weeks later.
Table 4 presents a correlation analysis between the first and
second experiments. The correlation coefficient was found to be +1,
indicating that the experiment was a reliable testing instrument.
For the rest of the experiments, 30 seconds fusing time at
350 degrees Farenheit were retained since this combination gave
the best results.
Hypothesis Tested
Ink pigments have no effect on the height of the dot.
Test Procedure
Drawdowns of the ink used in the first experiment, and a
variety of other inks were performed to assess the validity of
this hypothesis. The drawdowns were made by placing 0.2 cc of GPI
Split-Sec Black ink and 0.2 cc of a different ink side by side,
about one inch apart near the top of a white bond sheet. A three-
inch wide drawdown knife was held at, approximately, a 30 angle
to the sheet and, with an even pressure,
drawn smoothly downward
a short distance. Without lifting the knife, the blade was then
tilted to about a
60
angle and, with a greater pressure, the
knife was pulled all the way





24 25 576 , 625 600
24 25 576 625 600
24 25 576 625 600
29 30 841 900 870
33 34 1089 1156 1122
26 26 676 676 676
25 24 625 576 600
21 26 729 676 702
31 32 961 1024 992
Table L: Correlation Analysis Between the First and Second Dot
Height Tests











9 243 247 6649 6683 6762
r = n^XY -EXEY
^(EX^MZX^JrnaY^-tlY)^
= +1.0
with resin. After fusing at 350 for 30 seconds, the paper was
allowed to cool down to room temperature and the height of the
ink-resin combination measured.
Controlled Variables and Conditions
In this experiment, the oven, operator, and atmospheric
conditions were the same as described in the previous experiment.
Paper. The paper used in this experiment was a standard
drawdown white bond, grain short.
Inks. All of the basic Metricolor inks available were tested.
Metricolor inks were prefered over other ink systems because of
their availability and wide
acceptance in the trade. A representa
tive sample of Panton'e Matching System inks was also tested.
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Assumptions
It is assumed that the pressure exerted on the ink knife
was distributed evenly accross the blade, producing equal ink
film thicknesses in the two inks tested.
Results
The ink dasawdowns showed that there was no difference in
relief when two different inks were used. Each drawdown was
measured twice at two different locations for each ink. The first
two readings were done in the printone area and the second two in
the undertone area. The relief produced by each ink as opposed to
the relief produced bj the standard ink are shown in Table 5
Table 6 lists the inks used in this experiment.
Table 5: Re lief Produced by Different Inks as Opposed to the
Relief Produced by the Standard Ink




































Table 6: Coding for the Inks Used in the Drawdown Test as a Match
uo ujti. Split-Sec 95B Offset PMS Black Ink
Ink # Ink Name and Manufacturer
1 Metricolor OS Basic M&M Red 300-R0NIC0
2 Metricolor OS Basic M&M Red Lake C 325-RONICO
3 Metricolor OS Basic M&M Rubine Red 365-R0NIC0
4 Metricolor OS Basic M&M Rhodamine Red 375-RONICO
5 Metricolor OS Basic M&M Benzidine Yellow 100-R0NIC0
6 Metricolor OS Basic M&M Purple 415-R0NIC0
7 Metricolor OS Basic M&M Reflex Blue 485-RONICO
8 Metricolor OS Basic M&M Process Blue 525-R0NIC0
9 Metricolor OS Basic M&M Green 565-R0NIC0
10 Metricolor OS Basic M&M Black 715-RONICO
11 Metricolor OS Basic M&M Transparent White 800-RONICO
12 Metricolor OS Basic M&M Opaque White 85O-RONICO
13 PMS SS 11b OS Transparent White-GPI
14 PMS SS 23 OS Benzidine Yellow-GPI
15 PMS SS 43 OS Warm Red-GPI
16 PMS SS 57 OS Process Blue-GPI
17 PMS SS 74 OS Green-GPI
Hypothesis Tested
The heat fusing operation has no effect on the strength of
the paper stock.
Test Procedure
Sheets of paper, randomly sampled according to TAPPI
standard T 400 ts-64, "Sampling Paper and
Paperboard,"
were cut
into test specimen 76 + 2 mm long by 63 + .15 mm wide. Eight plies
were centered in the clamps of an Elmendorf Tearing Tester and the
initial slit made. The pendulum stop was depressed until the tear
was completed and then caught on the return swing without distur
bing the position of the
pointer. The scale reading and the number
of plies used was
recorded in accordance with TAPPI standard






procedure was followed for paper which had been heated at
350
for 30 seconds. The sheets were first brought to normal temperature
with the use of forced cool air to simulate the effect of chill
rollers or cooling stations. The average force, in grams, required
to tear a single ply, grain long and grain short, for each popula
tion, was calculated.
Results
The internal tearing resistance of the heat-treated paper as
opposed to the untreated paper can be found in Table 7. There was
a 13*62 per cent loss of strength in the machine direction for the
heat-treated paper and 5*13 per cent in the cross direction. This
loss in strength is not permanent: it is the result of the loss of
humidity in the paper when the latter is heated. When the moisture
content of the paper returned to normal, the tearing resistance
reverted to its original value. It was not felt that the differen
ces in tear strength were significant since a lower relative
humidity in a printing plant would have produced the same effects
on a similar sheet of paper.
Hypothesis Tested
The heat fusing operation has no effect on the ability of
the paper stock to be machine processed and finished.
Test Procedure
Heat-treated paper stock was cooled with forced air and run
through a combination folding machine. Two
folds were made in
each grain direction, one
toward the felt side of the paper and
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Table 7: Internal Tearing Resistance for Paper at Room Temperature
and for Paper Heated at
350
F 30 Seconds
Average tearing force = 16 X average scale reading
number of plies
Tear Parallel With the Machine Direction
Paper at room temperature:




v1'6 X*3-W?14-'=* 63 . 429 grams
8
Internal tearing resistance loss: 13.62 %
Tear Perpendicular With the Machine Direction
Paper at room temperature:
16 X 44.572 = 89.143 grams
8
Heat treated paper:
16 X 42.286 = 84.572 grams
8
Internal tearing resistance loss: 5*13 %
the other toward the wire side. Upon delivery, the folded sheets
were visually examined for tears
and wrinkles.
Results
There were no signs of tears, cracks, or wrinkles, and the
paper fed well through the
folder-
Hypothesis Tested
Braille dots produced by thermographic printing can withstand
greater pressures




Three cells produced by conventional embossing were randomly
selected and their thermographic braille equivalent produced. A
modified Burroughs Model A-2 Carbon Test-Writer was used to perform
the test. Figure 5 shows the instrument's main characteristics. The
printing head C was replaced with a 24-point quad to provide a
more uniform pressure. The sampled braille cells were placed under
the quad, and the plunger was allowed to drop freely over the quad,
exerting a uniform pressure on the braille cell. The plunger was
allowed to drop five times on each braille cell. The dots were
then measured with a bench micrometer and the height recorded.
Controlled Variables and Conditions
Pressure. The plunger had a constant mass of 273 grams. The
distance between the plunger and the quad was approximately five
centimeters. The area of contact for each set of samples was
roughly the same since they both had the same number of dots.
Counter-pressure. A block of metal, one and one-half inch thick,
was placed under the samples during the experiment. The block was
flat, smooth, and free of
foreign particles.
Operator. The experiment was conducted by the same operator.
Results
When pressure was exerted over the conventionally embossed
cells a significant
loss in dot height occured. Thermography
produced cells were not
affected by pressure. Table 8 lists the
dot height of the cells









Figure 5: Model A-2 Carbon
Test-Writer
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Braille dots produced by thermographic printing are resistant
to abrasion and wear.
Results
A literature search was conducted in order to assess the
physical and chemical properties of polystyrene, the major
I
component of resin A. The outstanding properties of polystyrene
|
are: high alcohol and water resistance, excellent resistance to
most acids and alkalis, good surface hardness, rigidity, and
dimensional stability. Polystyrene's low specific gravity, 1.07,
enables the user to get more material per pound than most other
plastics. "Polystyrene is the best of common injection materials
when the following characteristics are desired:
a. Resistance to cold flow
b. Moisture resistance






g. Heat insulation " 3
Polystyrene will soften and swell in acetone. It is soluble
in coal-tar hydrocarbons, such as benzol, xylol, and toluol, in
chlorinated hydrocarbons, acetic esters, and solvent naphta.
**
Tensile strength, the pulling force in pounds necessary to
""break a given sample divided by the area of the cross section in
square inches, is 7,000 pounds. The tensile strength of polystyrene
increases at low temperatures. At 140, the tensile strength is
5,000 pounds per square inch, while at -4 , the tensile strength
is 8,000 pounds per square inch.
Compressive strength, the crushing load at failure of a
piece divided by the number of square inches of resisting surface,
is 12,500 psi.
Flexural strength, the pressure in pounds necessary to break
a given sample when applied to the center of the sample which has
been supported at its end, is 12,500 psi.
Brinell hardness, the ratio of the pressure on a sphere used
to indent the material to be tested to the area of the spherical
indention produced, is 25, (2.3 mm ball, 25 kgs. load).. The
Rockwell hardness is M89
The highest safe operating temperature in degrees Farenheit
for polystyrene is 200.
Polystyrene is unaffected by aging, metal inserts, and light.
It will soften in
190-230




Polystyrene is available under the trade names of Loalin,
Lustron, Styron, and Bakelyte Polystyrene.
Cost figure were not available.
Hypothesis Tested
Braille literature produced by thermographic printing is of
a quality level acceptable to the blind population.
Test Procedure
Questionnaire. The purpose of the questionnaire was twofold:
(1) establish the quality level of thermography-produced braille,
and, (2) evaluate the readability of thermography-produced braille
literature. The questionnaire Was designed to produce such back
ground information as age group and degree of familiarity with
braille. Questions 6 through 13 were used to establish the dot
and paper quality level. Readability was determined by questions 3,
4, 5, and 14.
Population. The population sampled consisted of 50 blind
people, 40 of which
were in the Rochester area. The other ten were
chosen randomly from different
blind associations and braille
publishers.
Results
The questionnaire and a braille sample were presented to
50 braille readers. 40
persons completed the questionnaires giving
a return rate of
80 per cent. People with less than five years
of experience with
braille were not sampled. It was felt that these
subjects would not
be familiar enough with Grade Two Braille, and
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that their answers might be infino^oH fVn-ono-v, the-!->- lack of
experience.
Of the population sampled, 95 per cent thought that the
braille test material was legible, but only 90 per cent said they
would like to see it adopted for all future braille literature.
The remaining 10 per cent felt either that the dots were not sharp
enough -5 per cent- or that they were too sticky -5 per cent. The
questionnaire and a complete breakdown of the results is shown
in Appendix D.
It is interesting to note that while 78.5 per cent of the
people sampled found the dots to be satisfactory, 12.5 percent
found the dots to be sticky and 10 per cent slippery. It seems,
therefore, that there is no consensus as to the way the dots should
feel, since the same dots are eliciting different tactile responses
from different people.
A cross break study showed that people with ten years or
more of experience with braille were more likely to find thermogra
phic braille satisfactory. People with less experience were less
inclined to do so. It is theorized that beginners or inexperienced
braille readers will have some problems trying to adapt to. this
type of material.
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FOOTNOTES FOR CHAPTER V
1. Technical Association for the Pulp and Paper Industry, Standards
and Suggested Methods (New York: 1972), T 402.
2. National Advisory Comission, Standards for the Production of
Reading Material for the Blind and the Visually Handicapped
(New York: 1970), p. 49.
3. J. H. DuBois, Plastics (Chicago: American Technical Society,
1946), p. 110.
4. John Sasso, Plastics for Industrial Use (New York: McGraw Hill,
1942), p. 146.
5. Herbert Simonds, Archie Weith, and M. H. Bigelow, Handbook of
Plastics (New York: D. Van Nostrand, 1953), P 64 to 86.
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SUMMARY AND CONCLUSIONS
1. Thermographic printing, with the use of appropriate resins,
can produce a dot height of 0.015 inch or more.
2. Dot base diameter variation within the National Advisory
Commission standards for braille matter seems to have no signifi
cant effect on the height of the dot.
3. Different ink pigments do not seem to affect the height of
the dot.
4. The heat fusing operation does not seem to have any signi
ficant or permanent effect on the strength of the paper stock
tested. A temporary reduction in internal tearing resistance due
to a loss in humidity content will occur however.
5. This reduction in tear strength does not seem to affect
the stock, s ability to be machine processed and finished.
6. Thermographic braille dots are extremely resistant to
abrasion and wear.
7. Thermographic braille dots can withstand greater pressures
than embossed braille.
8. From the readability viewpoint, thermographic braille is
of a quality level
acceptable to the majority of the blind population.
It appears therefore that the braille printing system proposed
in Chapter 4 is a practical and viable alternative to the conventional
embossing system. Furthermore,
the proposed system offers several
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advantages:
First, it allows less skilled people to produce braille.
Inkprint transcription into braille is done by a computer, freeing
braillists to provide better personal services such as transcribing
music, foreign languages, correspondance, and special materials.
Second, it makes it possible to produce long-run braille at
a faster rate. Conventional braille printing has been plagued with
both a slow typesetting and platemaking process, and a highly
manual binding and finishing operation. Modern phototypesetters
can generate several hundred lines of type or braille matter per
minute. The phototypesetter's output is formatted and camera-ready.
Verilith-type plates can also be used, bridging the gap between
composition and printing. Due to its ability to withstand pressure,
thermographic braille can be machine folded, gathered, and bound.
Available bindery equipment, if used to process thermographic
braille, will greatly reduce the amount of time required to produce
a finished book or magazine.
Thied, thermographic braille, with its use of thinner stock,
will reduce the physical size of the braille material. With
lighter paper and a stronger dot, more pages can be bound into each
volume without risking damage to the dots. Thinner covers can also
be used since the dots will be able to resist a greater amount of
pressure. This reduction in bulk will be reflected in considerable
space savings for braille publishers and increased shelfspace
savings for braille libraries. Braille matter could also be stored
on microfilm and
retrieved when needed. Electrostatic microfilm
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printers can be used to produce a hard copy, with a plastic resin
giving the required relief. Dr. George Mott of the Xerox Corpo
ration, Rochester, New York, has used an electrostatic copier and
a proprietary process to tackify the braille dots on a sheet of
paper. The resin and the fusing process used are similar to the
ones used in this study.
1
Fourth, it seems to be compatible with present production
methods. Computerized transcription is in daily use at the
American Printing House for the Blind, the Royal National Institute
for the Blind, and several other organizations. The tape generated
by the computer can be used to drive a phototypesetter or, if the
volume of work does not justify it, a conventional stereograph
can still be used. A pressure sensitive material would replace the
zinc plate, producing a visible braille image which could be repro
duced photomechanically to generate a conventional printing plate.
Virkotype machines can be attached to the presses currently used
to emboss the braille material. No press modification would be
required. Automated bindery equipment will replace the manual
folding, gathering, and binding operations.
Fifth, thermographic braille is particularly well suited to
the reproduction of graphs, charts, line drawings, and illustra
tions in general.
Last, the above
mentioned characteristics were not reached at
the expense of quality or economy. The braille matter produced
by thermography is of a
superior quality. The dots are virtually
indestructible, and the
text very legible. The reduction in bulk
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will be reflected in lower handling, mailing, and storage costs.
The automation of transcription and binding will further decrease
the cost of braille matter.
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FOOTNOTES FOR CHAPTER VI
1. Personal interview with Dr. George Mott, Xerox Corporation,
Rochester, New York, January 30, 1973.
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RECOMMENDATIONS
The following recommendations for further work have been
included in order to further apply the conclusions of this
investigation:
First, the dot height and the dot spacing suitable to the
majority of the blind population should be determined. Different
publishers specify different sizes and characteristics. Standards,
based on readability studies, should be established.
Second, an
'ideal'
dot texture should be specified. Subjects
investigated reacted differently when plastic dots were presented
to them.
Third, dots printed with a mixture of resin and talcum
powder should be printed and tested. Talcum or other powders may
reduce the tackiness and slipperiness felt by some readers.
Fourth, more powerful heating sources should be tested in
order to reduce the amount of time required to heat and fuse the
resin. Infra-red lamps, micro waves, forced air, and preheating
the resin prior to dusting might reduce the fusing time.
Last, a cost comparison between conventionally embossed
braille and thermographic braille should be conducted.
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APPENDIX C
THERMOGRAPHIC BRAILLE SAMPLES (RESIN A)
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APPENDIX C
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APPENDIX D
TEST OBJECT, QUESTIONNAIRE, AND RESULTS
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APPENDIX D
TEST OBJECT, QUESTIONNAIRE, AND RESULTS
Inkprint Transcription of Braille Text
The quick brown foxes jumped over the lazy dogs.
The second area of the test plate consists of a series of
type sizes and styles. This area will enable the printer to
determine the minimum size and style of type which will print
cleanly on his equipment.
A court in London awarded a.womwn who loves cooking $ *f192
in damages yesterday .becauseshe lost her sense of cooking
after
an automobile accident.
"I use garlic and. herbs a
lot," Susan ,Hirshmersaid, "and




Results Are in Percent
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1- What is your age group ?
0 Under 1 if
35 1if-20
65 21 and over
2- For how many years have you been a braille reader ?
0_ Under 5
40 5-9
60 10 and over
3 What is your opinion of the readability of the material presented ?
93% legible
3% hard to read
k- Could you clearly distinguish each braille character ?
100 Yes
0_ No
If no please explain:
5- Did you have any readability problem ?
3_ Yes
95 No
If yes please describe:














22.5 Other. Please describe:
9- Did you notise any particular smell ?
0 Yes
100 No
If yes please describe:
10- Did you find the dots to be sticky ?
12.5 Yes
87.5 No
11- Did you find the dots to be slippery ?
10 Yes
90 No








14- Would you like this type of braille dot be adopted for all
braille literature ?
90 Yes
10 No
Why ?
